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SPECIFICATION 



1. Title of the Invention 

Apparatus for Producing Thin Films by Plasma CVD 

2. Claims 

An apparatus for producing thin films by plasma CVD, comprising a reaction 
chamber; 

a cathode disposed in the reaction chamber; and 

an anode disposed in a facing arrangement with the cathode in the reaction 
chamber, with a reaction gas fed into the reaction chamber through a plurality of openings 
formed in the cathode, wherein said apparatus for producing thin films by plasma CVD is 
characterized in that a plurality of cells for sequentially accumulating the reaction gas are 
provided inside the cathode. 

3. Detailed Description of the Invention 

Technological Field 

The present invention relates to an improvement for an apparatus for producing 
thin films by plasma CVD that comprises a cathode and a facing electrode provided with 
a substrate-holding mechanism and that is designed to produce thin films of amorphous 
silicon (a-Si), hydrogen (H), and the like with the aid of a plasma discharge; and more 
particularly to an apparatus for producing thin films by plasma CVD whose cathode has 
an internal structure that allows gases to be fed to the apparatus in a uniform and 
consistent manner. 

Prior Art 

Fig. 4 shows the internal structure of a conventional cathode for a plasma CVD 
apparatus with coaxial electrodes. In Fig. 4, 6a is a bottom that constitutes part of a 




reaction chamber, 4b is an annular support whose upper portion passes through the 
bottom 6a and extends into the reaction chamber via an insulator 3a, and 4a is a cathode 
support plate fixed to the upper end of the annular support 4b. A cathode la is disposed 
inside the reaction chamber, and the lower end of the cathode la is fixed to the cathode 
support plate 4a. The cathode la has a cylindrical portion. A generally cylindrical 
partition 2c is disposed inside the cathode la coaxially therewith, whereby an annular 
space is formed between the partition 2c and the peripheral wall of the cathode la as a 
conduit 1 la for the reaction gas described below. 

A pipe 2a for supplying an active reaction gas is disposed inside the annular 
support 4b coaxially therewith, an end portion of the supply pipe 2a extends through the 
cathode support plate 4a into the partition 2c, and one end thereof opens into a tube 2b 
inside the partition 2c. The tube 2b is horizontal, and both ends thereof are fixed to the 
partition 2c such that they open into the conduit 1 la. The other end of the supply pipe 2a 
is connected to a source for supplying active reaction gas (not shown). 

10a is an electroconductive member one end of which opens into the cathode la 
and passes through the cathode support plate 4a via an insulator 9a, and the other end is 
connected to a high-frequency power supply (not shown). 

The peripheral wall of the cathode la is provided with a plurality of gas-spraying 
openings 7a disposed at regular intervals in the peripheral and axial directions. 

A counter electrode is disposed inside the reaction chamber at a position facing 
the cathode la. (The electrode, which is not shown, serves as a support for a substrate on 
which a thin film composed of a-Si or the like is to be formed by deposition.) 

In this structure, the active reaction gas is fed into the reaction chamber via the 
supply pipe 2a, tube 2b, conduit 1 la, and openings 7a; a plasma discharge is generated 
between the counter electrode and the cathode la energized by high-frequency power; the 
active reaction gas fed to the reaction chamber is decomposed into a plasma; and a thin 
film composed of a-Si, H, or the like is formed by deposition on the substrate. 
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However, such a conventional apparatus for producing thin films by plasma CVD 
has the following drawbacks. Specifically, the openings 7a (particularly those labeled 
n 8a") formed in the peripheral wall of the cathode la are disposed in a facing arrangement 
with the openings in the two ends of the tube 2b, as shown in Fig. 4. Consequently, the 
active reaction gas tends to be fed into the reaction chamber directly through the two ends 
of the tube 2b via the openings 8a. By contrast, the active reaction gas is fed to the other 
openings 7a through the conduit 11a. 

For this reason, more of the active reaction gas is Jed through the openings 8a than 
through the openings 7a. As a result, the active reaction gas cannot be fed uniformly to 
the substrate disposed in a facing arrangement with the cathode la, a distribution is 
^brmed such that the plasma discharge is generated more vigorously in the peripheral area 
of the openings 8a, and an a-Si, H, or other thin film with a nonuniform thickness 
distribution is therefore formed on the substrate. 

Object of the Invention 

Consequently, it is an object of the present invention to overcome the 
shortcomings of the conventional apparatus for producing thin films by plasma CVD and 
to provide an apparatus for producing thin films by plasma CVD that allows an active 
reaction gas to be fed uniformly and consistently to a substrate supported on the counter 
electrode of a cathode, and a uniform thin film composed of a-Si, H, or the like to be 
formed on the substrate. 

Aimed at attaining the stated object, the present invention entails providing the 
cathode interior with a plurality of cells for sequentially accumulating an active reaction 
gas to allow the active reaction gas to be fed uniformly (with uniform density) through all 
the gas-feeding openings formed in the cathode such that the active reaction gas is fed 
uniformly and consistently to the substrate disposed in a facing arrangement with the 
cathode. 
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Working Examples 

Working examples of the apparatus for producing thin films by plasma CVD in 
accordance with the present invention will now be described in detail with reference to 
the accompanying drawings. 

Fig. 1 is a fragmentary longitudinal sectional view of a working example of the 
apparatus for producing thin films by plasma CVD in accordance with the present 
invention, Fig. 2 is a fragmentary horizontal cross-sectional view thereof, and Fig. 3 is a 
schematic block diagram of the same working example. 

In Fig. 1, 6 is a bottom that constitutes part of a reaction chamber. The upper 
portion of an annular support 61 passes through the bottom 6 via an insulator 8 and 
extends into the reaction chamber. The upper end of the annular support 61 is fixed to a 
cathode support plate 4. A cathode 1 having a cylindrical portion is fixed on top of the 
cathode support plate 4. The cathode 1 is fixed to the cathode support plate 4 coaxially 
with the annular support 6 1 . 

The space inside the cathode 1 is provided with three partitions 2, 3, and 62. The 
partitions have cylindrical portions and are disposed coaxially with the cathode 1. The 
partitions 2, 3, and 62 are fixed to the cathode support plate 4. The partition 3 is enclosed 
within the partition 2, and the partition 62 is enclosed within the partition 3. Buffers 18, 
19, and 20 for the active reaction gas are therefore formed as described below for the 
spaces between the cathode 1 and partition 2, the partitions 2 and 3, and the partitions 3 
and 62. 

A pipe 5 for feeding an active reaction gas is passed through the cathode support 
plate 4 coaxially with the cathode 1 and annular support 61 such that one end portion 
thereof extends into the cathode 1 and opens into a tube 63. The tube 63 is disposed 
horizontally inside the partition 62, and the two ends thereof open into a buffer 20 
mounted on the partition 62. The supply pipe 5 passes through the annular support 61, 
and the other end thereof is connected to a source for supplying an active reaction gas 
(not shown). 
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10 is an electroconductive member one end of which is connected to the 
partition 3, inserted into the cathode support plate 4 via an insulating member 7, and 
extended into the annular support 61. The other end is connected to a high-frequency 
power supply to allow high-frequency power to be fed from the high-frequency power 
supply to the cathode 1 . 

The peripheral wall of the cathode 1, the peripheral wall of the partition 2, and the 
peripheral wall of the partition 3 are provided with a plurality of respective openings 13, 
14, and 15, which are fashioned to a specific diameter and are disposed at regular 
intervals in the peripheral and axial directions. The ^openings 13, 14, and 15 are s hifted 
relative to each other to avoid a matc h jn the axial d irection. As can be seen in Fig. 2, the 
openings 15 in the partition 3 are disposed away from the axial extension of the tube 63. 

An active reaction gas can be fed to the reaction chamber in the following manner 
with the aid of the above-described inventive apparatus for producing thin films by 
plasma CVD. 

Specifically, the active reaction gas is fed via the supply pipe 5 and tube 63 to the 
buffer 20 through the openings at the two ends of the tube 63, filling the buffer. The 
active reaction gas in the buffer 20 is uniformly fed to the buffer 19 through the 
openings 15 in the peripheral wall of the partition 3, filling the buffer. The active 
reaction gas in the buffer 19 is uniformly fed to the buffer 18 through the openings 14 in 
the peripheral wall of the partition 2, filling the buffer. Since the openingS-13r-14rand 15 
are formed such that their axes do not coincide with each other, the gas admitted through 
the openings from a preceding buffer always impinges on the external peripheral wall 
surfaces of the subsequent buffer, creating a diffusion effect and uniformly spreading in 
the subsequent buffer. Consequently, the active reaction gas is uniformly and 
consistently ejected outside the peripheral wall of the cathode 1 through the openings 13 
in the peripheral wall of the cathode 1. The preceding/subsequent rat io, fo r the diam eters 
of the openings 13, 14, and 15 should be kept between 10:1 and 3:1. 
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When, for example, a conventional apparatus for producing thin films by plasma 
CVD (Fig. 4) is used, the thin film formed by deposition on a substrate whose dimension 
in the longitudinal direction is 300 mm has a thickness distribution such that a thickness 
difference of ±15% is observed in the longitudinal direction. By contrast, using a 
working example of the present invention (Figs. 1, 2, and 3) yields a thickness 
distribution in which the thickness difference in the longitudinal direction is reduced to 
no more than ±5% for a thin film formed by deposition on a substrate with the same 
dimensions as those described above under the same film-forming conditions as those 
described above. 

In Fig. 3^21^s a reaction chambe^23^sll cathode provided such that it extends j 
into the reaction chamber 21 via an insulatoF25B; 22 is a counter electrode that is 
disposed in a facing arrangement with the cathode 23 inside the reaction chamber, is 
supported by an appropriate support means, and is grounded by an electroconductive 
member 66 connected by being passed through the ceiling of the reaction chamber via ai 
insulator 25A; 24js-a-Substr ate mounted on the inside of the coun ter electrode and used 
for forming a thin film composed of a-Si, H, or the like by deposition; 64 is an exhaust ^ 
system connected to the reaction chamber; 64 1 is a reaction gas system for feeding an 
active reaction gas to the cathode 23; and 65 is a power supply system for supplying high 
frequency power to the cathode 23. 

Fig. 5 is a fragmentary longitudinal sectional view depicting another apparatus for 
producing thin films by plasma CVD in accordance with the present invention, and Fig. 6 
is a schematic block diagram of this apparatus. The apparatus for producing thin films by 
plasma CVD is a horizontal-plate device, as shown in Fig. 5. In Fig. 5, 34 is a bottom 
that constitutes part of a reaction chamber and has a through hole 34A. An annular 
support 67 is fixed to the lower surface of the bottom 34a 2 around the through hole 34A. 
A cathode support plate 50 is fixed to the upper surface of the bottom 34 via an 



\ 



1 Translator's note: It appears that the same symbol is used in the original to designate two different units. 

2 Translator's note: Referred to hereinabove as "bottom 34." 
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insulator 35 A around the through hole 34A. 36 is a seal between the insulator 35 3 and the 
bottom 34. 

A cathode 3 1 having a cylindrical portion is fixed to the upper surface of the 
cathode support plate 50 coaxially with the annular support 67, and two partitions 32 and 
33 having cylindrical portions are fixed coaxially with the cathode 31 while disposed 
inside the cathode 31. The partition 33 is enclosed within the partition 32. 

The upper wall of the cathode 31, the upper wall of the partition 32, and the upper 
wall of the partition 33 are provided in their entirety with pluralities of openings 39, 40, 
and 41, respectively. The openings 39, 40, and 41 are arranged such that their axes are 
shifted relative to each other. 

A pipe 37 for feeding an active reaction gas passes through the annular 
support 67, and one end of the supply pipe 37 is attached to the cathode support plate 50 
and configured to open into the space inside the partition 33. The space between the 
cathode 31 and partition 32, the space between the partitions 32 and 33, and the space 
inside the partition 33 form buffers 51, 52, and 53 for the reaction gas. 

49 is an electroconductive member one end of which is connected to the 
partition 33, inserted into the cathode support plate 50 via an insulator 38, and extended 
into the annular support 67, and the other end is connected to a high-frequency power 
supply (not shown). 42 is a counter electrode that is disposed inside the reaction 
chamber, supported by an appropriate support means (not shown), and is oriented facing 
the cathode 31 above the cathode 31 while remaining parallel to the upper wall of the 
cathode 31. 44 is a substrate supported underneath the counter electrode 42 via a 
substrate support mechanism 43, and 48 is an electroconductive element one end of 
which is connected to the counter electrode and inserted via an insulator 47 into a 
ceiling 34 constituting part of the reaction chamber, and the other end of which is 
grounded. 



Translator's note: Referred to hereinabove as "insulator 35A." 
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The above-described structure allows an active reaction gas to be fed to the 
substrate 44 in a uniform and consistent manner. Specifically, the buffer 53 is filled with 
the active reaction gas via the supply pipe 37, the buffer 52 is filled via the openings 41, 
the buffer 5 1 is filled via the openings 40, and the active reaction gas is fed to the 
substrate 44 via the openings 39 in a uniform and consistent manner. 

In Fig. 6, 68 is a reaction chamber, 31 is a cathode disposed inside the reaction 
chamber 68, 42 is a counter electrode disposed in a facing arrangement with the 
cathode 31 inside the reaction chamber 68, 44 is a substrate mounted on the counter 
electrode 42, 48 is an electroconductive member for grounding the counter electrode 42, 
69 is a discharge system connected to the reaction chamber, 70 is a reaction gas system 
for feeding the reaction gas to the cathode 31, and 71 is a power supply system for 
supplying high-frequency power to the cathode. 

Merits of the Invention 

According to the invention described above, an active reaction gas can be fed in a 
uniform and consistent manner through the entire portion facing the counter electrode of a 
cathode, making it possible to form a uniform plasma discharge across the entire substrate 
and to cover the substrate with a thin film consisting of a-Si, H, or the like and having a 
uniform thickness distribution. 

4. Brief Description of the Drawings 

Fig. 1 is a fragmentary longitudinal sectional view of a working example of the 
apparatus for producing thin films by plasma CVD in accordance with the present 
invention, Fig. 2 is a fragmentary horizontal cross-sectional view of the apparatus, Fig. 3 
is a schematic block diagram of the apparatus, Fig. 4 is a fragmentary longitudinal 
sectional view of a conventional apparatus for producing thin films by plasma CVD, 
Fig. 5 is a fragmentary longitudinal sectional view of another working example of the 
apparatus for producing thin films by plasma CVD in accordance with the present 
invention, and Fig. 6 is a schematic block diagram of the apparatus. 
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l,/31:lcathodes; 2, 3, 32, 33, 62: partitions; 13, 14, 15, 39, 40, 41: openings; 18, 
19, 20, 51/52, 53: buffers; 22, 42: counter electrodes/^!, 68) reaction chambers 



Fig. 1 




Key to figure: Active reaction gas 



Fig. 2 
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Fig. 3 




Key to figure: 
64: exhaust system 
64: reaction gas system 
65: power supply system 



Fig. 4 




Key to figure: 
Active reaction gas 



Fig. 5 



48 



47 



34 



\\\\\\ S~T^ 




43 



ZZZZZZ 



,42 



40. 



3? 



state 




Fig. 6 




Key to figure: 
69: exhaust system 
70: reaction gas system 
71: power supply system 
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